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Method and Apparatus for Catalytic Processes 



Wc, Thl M. W. Kellogg Company, a 
Corporation organised under the Laws of 
the Stale of Delaware, United States of 
America, of Foot of Danforth Avenue, 
5 Jersey City 3, State of New Jersey, United 
States of America, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us and the method by 
which it is to be performed, to be particu- 
10 iarly described in and by the following state- 
ment: — 

The present invention relates to catalytic 
reactions and more particularly to catalytic 
reactions in which the reactant material 

15 stream flows through a fixed bed of sub- 
divided catalyst or contact material, which 
has a comparatively low resistance to the 
flow of the reactant stream therethrough. 
It is highly important for high operating 

20 efficiency to be realized in catalytic processes 
such as reforming of light hydrocarbon oil, 
for example naphtha, to a high quality gaso- 
line material, that the entire catalyst bed be 
utilized to a high degree and that substan- 

25 tially all portions of the reactants be sub- 
jected to substantially the same conditions 
for substantially the same time interval while 
in contact with the catalyst. To achieve this 
end it is necessary that the paths of all jxm> 

30 tions of the reactant stream through the cata- 
lyst bed be of substantially the same length 
and that the pressure conditions along all of 
said paths be substantially the same. With 
the low flow resistance beds of the prior art 

35 these desiderata are well nigh impossible of 
attainment, as in such low resistance bed's 
channeling of the reactant stream through 
localized areas of the catalyst bed and the 
bypassing of large masses of the catalyst 

40 are the rule rather than the exception. 
It is a principal object of this invention to 
provide a novel method for conducting cata- 
lytic reactions, and novel apparatus for car- 
rying the method out in practice, in which 

45 the reactant material is passed at reaction 



temperature and pressure through a fixed 
bed of catalyst along paths of substantially 
equal length and flow resistance, said paths 
encompassing substantially the whole of said 
bed, the flow volumes of said paths decreas- 50 
ing progressively whereby to effect flow 
equali2iation of the reactant materials 
through all sections of the catalyst within 
said bed. 

It is a further principal object of this in- 55 
vention to provide a novel method of con- 
ducting catalytic reactions, and novel appa- 
ratus for carrying out the method in practice, 
in which the reactant material at reaction 
temperature and pressure is passed into a 60 
reaction zone to substantially completely 
envelop the external peripheral surface of a 
fixed bed of catalyst of circular cross section 
in said reaction zone and to impose on said 
external peripheral surface a substantially 65 
equal pressure throughout the full extent 
thereof, and in which said reactant material 
flows through said bed from said peripheral 
surface to a central outlet in said bed, said 
central outlet arranged that all portions of 70 
the reactant material flow through paths of 
substantially equal length, said bed of such 
density and said paths of such length that 
the pressure drop in said reactant material in - 
flowing from said peripheral surface to said 75 
outlet is small relative to the inlet pressure 
of said reactant material. 

It is a still further 'principal object of 
this invention to provide a method,, and ap- 
paratus for carrying out the method in prac- 80 
tice, for conducting the catalytic reformation 
of light hydrocarbon oil to a high quality 
gasoline material in which the hydrocarbon 
oil at reaction pressure and temperature is 
passed through a fixed bed ol catalyst along 85 
paths of substantially equal length and flow 
resistance, said paths distributed substan- 
tially uniformly throughout the whole of said 
bed, the flow resistance: of said paths in- 
creasing progressively whereby to effect, flow 90 
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equalization through all sections of the cata- 
lyst within said bed. 

The further features, objects, and advan- 
tages of this invention will become apparent 
5 from a consideration of the following 
detailed description taken with the accom- 
panying drawings in which:— 

Fig. 1 is a vertical section through a reac- 
tor vessel embodying the novel apparatus 
10 features of the invention; 

Fig. 2 is a section taken on line 2 — 2 ot 
Fig. I with parts broken away to show better 
construction details; 

Fig. 3 is a section taken on line 3—3 of 
15 fig 2; 

Fig.' 4 is a front view of a basket section; 
and 

Fig. 5 is a back view of the basket section 
of Fig. 4. 

20 In the reaction zone of the present inven- 
tion the incoming reactant stream is sub- 
stantially uniformly distributed over sub- 
stantially the whole peripheral surface of the 
catalyst bed therein. The catalyst bed is of 
oc circular cross section and is of such density 
as to effect a comparatively low drop in the 
pressure of the reactant material flowing 
therethrough. The flow of the reactant 
material is radial through the catalyst bed 
oa to a central outlet therein located and ar- 
ranged to assure flow paths ot substantially 
equal lengths from all points on said peri- 
pheral surface. The radial flow of the 
reactant material results in an increased 
35 resistance to flow as the reactant streams 
move toward the central outlet of the bed 
and a high pressure drop area is set up near 
said central outlet which results in equaliza- 
tion of flow rates through all parts of the 
40 bed. A large peripheral surface of the cata- 
lyst bed is^ exposed to inflowing reactant 
material, this not only provides for uniform 
distribution of the incoming reactant material 
but also the uniform distribution over the 
45 whole of said peripheral surface of any par- 
ticles of dirt or any other foreign matter 
which tend to seal said peripheral surface to 
the entrance of reactant material so that the 
sealing effects of said dirt or foreign matter 
50 are materially minimized. All parts of the 
inner surface of the vessel defining the re- 
action zone are maintained at the reactant 
material inlet pressure so that the possibility 
of the reactant material feed bypassing the 
55 catalyst bed is effectively removed. 

The novel method and apparatus of the 
invention possess numerous advantages and 
have a wide field of utility. In general they 
are applicable to chemical reactions in which 
60 reactant material is contacted wth a fixed 
bed of catalyst or contact material and are 
especially useful in a variety of hydrocarbon 
conversion reactions particularly those in 
which the hydrogen-carbon ratio is altered. 
65 Among the numerous reactions for which 



the novel method and apparatus of the in- 
vention are indicated as of utility are dehy- 
drogenation, hydrogenation, hydrogenolysis, 
cracking, hydrocracking, isomerization, oxi- 
dation, aromatization, cyclization, hydro- 70 
desulfurization, hydrocarbon synthesis, de- 
alkylation, hydrodechlorination, dehydroxy- 
lation, alkylation, polymerization and hydro- 
gen exchange systems. In general these re- 
actions may be carried out under conven-75 
tional reaction conditions of temperature, 
pressure, etc. with a wide variety of catalysts. 

The apparatus and the method of the 
present invention are especially adapted to 
the upgrading of light hydrocarbon ojls>80^ 
•for example gasoline, naphtha, and kerosene, 
for the production of high quality gasoline. 
The catalyst used in the reforming process 
has the properties of being able to hydro- 
genate "and dehydrogenate hydrocarbon 85 
materials. The materials of the stated 
catalytic properties are well known 
and include, for example, compounds 
of the left-hand elements of Group VI, more 
particularly, the oxides and/or sulfides of 90 
such Group VI metals either alone or in 
combination with a compound, more par- 
ticularly the sulfides and/or oxides, pf a 
Group VIII metal, for example nickel, hav- 
ing an atomic number not greater than 18. 95 
The noble metals platinum and palladium 
form another very important class of cata- 
lyst which is useful for this purpose, The 
noble metal may be used alone or may be 
supported, as for instance, on alumina in a 100 
fresh or spent form. Specific examples of 
the catalyst are tungsten sulride-alumina, 
molybdenum trioxide-alumina, chromia- 
alumina, cobalt molybdate-alumina, nickel 
tungstate-alumina, platinum-alumina and 105 
palladium-alumina. 

The catalyst element comprises about 
0.01% to about 25% by weight ol the total 
catalyst, more usually, about 1% to 12°,, by 
weight on the same basis. In the case of the HQ 
catalyst containing two catalytic elements, 
the Group VI compound can be present in 
the amount indicated and the second catal- 
lytic element, the Group VII compound, can 
be present in the amount of about 1.0% to 115 
about 15% by weight based on the total 
amount of catalyst." The support material 
for the catalytic element can be any known 
carrier, as for example, silica, silica-alumina, 
kieselguhr, pumice, silica-magnesia, etc. \2Q 
When~the noble metals are employed, the 
noble metal is present in the catalyst in the 
amount of about 0.01% to 5%, but more 
usually about 0.1% to 2% based on the total 
weight of catalyst. Alumina is an excellent 125 
support for the noble metal catalyst although 
from about 1% to 12% by weight of silica 
stabilizes the alumina at elevated tempera- 
tures. 

In the reforming of light hydrocarbon oils, 130 
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for example, gasoline, naphthene, and kero- 
sene, for the production of a high quality 
gasoline, a supported platinum catalyst is 
employed and the reaction temperature is 
5 700°F. to 1075°R; more usually, the range is 
between 800°F. and 950°F. At the tem- 
perature specified, the reaction pressure may 
be varied over a wide range including press- 
ures of about 25 to 1000 p.s.i.g., more usu- 
10 ally, 100 to 700 p.s.i.g. The quantity of oil 
feed which is processed relative to the quan- 
tity of catalyst used is measured in terms of 
the weight space velocity, that is, the pounds 
of the oil feed charged to the reaction zone 
15 on an hourly basis per pound of catalyst 
present in said zone. In general the weight 
space velocity can be varied from .05 to 10 
Wo/hr./Wc, more usually, about .25 to 
about 5 Wo/hr./Wc. When the reaction is 
20 conducted in the presence of added hydro- 
gen, the hydrogen charge to the process is 
measured in terms of the standard cubic foot, 
60°F. 760 mm of Hg., of oil feed which is 
conveniently abbreviated to SCFB. The 
25 hydrogen serves to suppress carbon forma- 
tion and in general it is charged to the re- 
action zone at a rate of from about 500 to 
15000 SCFB or, more usually, from 1000 to 
about 7500 SCFB. 
30 Referring now to the drawings: The re- 
actor 10 houses the catalyst bed li and 
defines the reaction zone. The reactor 10 is 
formed of a cylindrical body section 12 
whose ends are closed by the top and bottom 
35 dished heads 13. The reactor 10 is provided 
with an internal lining 14 of refractory insu- 
lation material which covers substantially 
the whole of the internal surface thereof. The 
material of the lining 14 is preferably a set- 
40 table refractory, high temperature cement 
means of a conventional pneumatic spray 
tfc gun" arrangement. As an aid in depositing 
and is applied in the conventional manner by 
a refractory lining 14 of substantially uni- 
45 form predetermined thickness and in holding 
the lining 14 in position after it is deposited, 
the bolts 15 and washers 16 are provided. 
The bolts 15 are of substantially uniform 
length and are welded to the wall of the 
50 reactor 10 and to the washers 16, preferably 
made of corrosion resistant alloy. The por- 
tion of the refractory lining 14 on the bottom 
head 13 of the reactor 10 is covered by com- 
paratively thin lining 17 of corrosion resist- 
55 ant alloy. The alloy lining 17 is formed of 
strips of a width small enough to enter the 
reactor 10 through the manway 18 provided 
in the upper head 13. The manway ]18 
affords entrance into the reactor 10 for 
60 assembly and maintenance of the internal 
structure thereof and introduction thereinto 
of the catalyst bed. The manway 18 is nor- 
mally closed by a cover 19, bolted or other- 
wise removably united thereto. The man- 
65 way 18 and the cover 19 are also internally 



covered with a refractory lining 14. Thin 
alloy metal members . 20 are employed to 
hold the refractory lining 14 of the manway 
18 and its cover 19 in position and protect 
said lining 14. A sleeve 21 is united to the 70 
manway 18 and covers the hole in the main : 
lining 14 through which the lining 14 of the 
manway 18 extends. The lining at this hole 
is further reinforced and protected by the 
washer ring 22 which surrounds the inside 75 
end of the sleeve 21 and is united, thereto.. 
The top head 13 also, includes an entrance 
nozzle 23 through, which the reactant 
material is introduced into the reaction zone. 
The nozzle 23 includes an outer secton 24 80 
and an inner section 25. The outer section 

24 has a cylindrical portion which is at- 
tached, as by welding, to the periphery of the 
hole in the wall of the upper head 13 and a 
frusto-conical portion whose smaller end is 85 
welded to the tubular inner section 25. The 
inner section 25 extends inwardly of the ' 
reactor 10. The inner end. of the section 

25 is castellated and has united thereto a: 
distributor baffle 26. By this arrangement 90 
the incoming reactant materials are distri- 
buted more or less uniformly over the whole 
cross section of the reactor 10 and do not 
impinge on a restricted area of the catalyst 
bed 11. The space between the sections 24 95 
and 25 is filled with insulation material 14.. 
The inner section 25 also carries a. washer 
ring 27 united thereto which bears against 
the surface of l-he insulation material 14 
adjacent the opening in the wall of the head 100 
13 and serves to reinforce said insulation and 

to give the inlet nozzle 23 the required, 
stability and rigidity. The construction is 
such that if due to wear, whether corrosive 
or errosive, of the inner section 25, said 105 
section 25 may be easily removed and re- '.. 

Pi Tht bottom head 13 has a plurality of 
catalyst drop nozzles 28 extending therefrom 
through which the catalyst may be removed 110 
-from the reactor 10, only one nozzle 28- is 
shown. The catalyst drop nozzle 28 is. nor- 
mally closed by a cover 29 which is shown, 
as hinged but may be removably united 
thereto in any preferred manner. The eata- 115 
lyst drop nozzle 28 includes an internal alloy 
lining sleeve 30 spaced therefrom to provide 
an annular soace for the accommodation or 
refractory insulation lining 14. The' irmer 
end of the sleeve 30 is united to the allow 120 
lining 17 which covers the insulation 14 on - 
the bottom head 13. A reactant materiaTout- 
let connection 31 extends from the center ol 
the bottom head 13. The connection 31 an- 
eludes an outer section -32 made up of a 125 
cylindrical portion which is united to the 
bottom head 13 and a fmsto-comcal portion 
whose smaller end is united to the inner 
tubular section 33. The annular ce be- . 
tween the sections 32 and 33 is filled witb 130 
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refractory insulation lining 14. The tubular 
inner section 33 is united to a ring washer 34 
on the lining 14 and extends inwardly to 
carry at its upper end the cylindrical msm- 
5 ber 35 which forms the outlet of the reaction 
zone. The alloy lining 17 overlies the ring 
washer 34 and has a hole therein larger than 
the inner section 33, through which said 
section passes. 

10 Spaced inwardly of the insulation lining 
14 and substantially concentric with the body 
section ] 2 is positioned a catalyst supporting 
basket 36 which is made up of a plurality of 
alloy channel sections 37 whose adjacent 

IS flanges are bolted or otherwise removably 
united. All portions of the catalyst basket 
structure 36 are maintained at a predeter- 
mined spacing from the respective adjacent 
surface of the insulation lining 14, to thereby 

20 make possible the maintenance of substan- 
tially uniform pressure conditions over' the 
full extent of the surface of the basket struc- 
ture 36 by means of a plurality of spacing 
elements 38 united to each of the channel 

25 sections 37 and distributed along the length 
thereof. The bottom edges of the channel 
sections 37 bear on the sheet alloy lining 17 
and are notched to accommodate the radially 
outer end of the angle members 39 which are 

30 distributed radially on said alloy lining 17 
to define inlets for the reactant material into 
the bottom of the catalyst bed 1 1 . For this 
result both of the ends of the angles 39 and 
the open portions intermediate said ends are 

35 covered with one or more thicknesses of wire 
. cloth 40. The wire cloth 40 is of such mesh 
as to prevent the passage of the catalyst 
therethrough without imposing substantial 
resistance lo the flow of the reactant there- 

40 through. If a plurality of layers of wire 
cloth 40 are employed, the various layers 
are of graded mesh size. With this arrange- 
ment the reactant material enters the outer 
ends of the angle members 39 from the space 

45 between the insulation lining 14 and the cata- 
lyst supporting basket 36 to flow inwardly 
along said angles 39 and to progressively 
leave said angles 39 through the wire cloth 
40 alons their length and 'at the inner end 

50 thereof to enter the catalyst bed. The resist- 
ance to flow through the angles 39 is quite 
small so that the' reactant material as it 
leaves the angles 39 and enters the bottom of 
the catalyst bed 11 is at substantially the 

55 same pressure as that in the annular space 
between the catalyst basket 36 and the insu- 
lation lining 14. The channel sections 37 are 
provided with slotted holes 41 which are 
distributed substantially uniformly over the 

60 full length thereof to permit the flow of re- 
actant material therethrough. To prevent 
the passage of catalyst through the slotted 
holes 41 one or more thicknesses of the wire 
cloth 40 are interposed adjacent the outer 

65 surface of the channel members 37, or if 



preferred, adjacent the inner surface of said 
members. 

The inner section 33 of the outlet connec- 
tion 31 carries an annular member 42 at its 
inner end, the connection between the sec- 70 
tion 33 and the annular member 42 is pre- 
ferably reinforced by means of a plurality of 
radially distributed gussets 43. The cylin- 
drical outlet -member 35 has an annular 
member 44 attached to its lower end which 75 
is adapted to seat on the annular member 
42. A short sleeve or nipple 45 is at- 
tached to the inner periphery of the annular 
member 44, and is of such a size as to tele- 
scope with lifted clearance with the top end 80 
of the inner action 33 so as to maintain the 
cylindrical outlet member 35 in a predeter- 
mined positional relation relative to catalyst 
basket structure 36. The upper end of the 
outlet member 35 is closed by a dome-like 85 
cap 46 integrally united thereto. 

The intermediate and the lower portions of 
the cylindrical outlet member 35 are per- 
forated by the slotted holes 41 which are 
distributed substantially uniformly through- 90 
out the extent thereof to provide parts 
through which the reacted product may leave 
the catalyst bed 11. The slotted portion of 
the cylindrical outlet member 35 is so pro- 
portioned and arranged that the flow path 95 
through the catalyst bed 11 from any port- 
tion of the outer perhipheral surface thereof 
are substantially of equal length. The outer 
surface of the slotted portion of the cylin- 
drical outlet member 35 is also covered with 100 
one or more thicknesses of the wire cloth 
40 to prevent movement of the catalyst into 
product outflow. The unslotted upper por- 
tion of the cylindrical outlet member 35 is of 
substantially the same length as the portion 105 
of the inner section 33 within the reactor 10. 
The internal space of the catalyst basket 
structure 36 is filled with catalyst of preferred 
composition and character substantially the 
level of the top of the dome cap 46, the re- 110 
mainder of the space above said level is 
filled with inert material, as for instance, 
alumina or "Alundum" (Registered Trade 
Mark), in coarsely subdivided form to assure 
free access of the reactant material to the 115 
upper surface of the catalyst bed 11 for en- 
trance thereinto. It is at present preferred to 
employ "Alundum" balls as the inert sub- 
divided material 47, these balls ranging in 
size from -] inch to 1 inch. It is also pre- 120 
; f erred to form the bed of inert material 47 of 
* a plurality of graded layers of progressively 
decreasing size. 

It is seen that the entering reactant 
material is in open contact with the top and 125 
bottom outer surfaces as well as the inside 
surfaces of the catalyst bed 11 and is free 
to enter at all portions of the said outer 
surfaces for flow therethrough to the slotted 
holes 41 in the cylindrical outlet member 130 
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35 and in so doing all possible paths that the 
reactants may take are of substantially the 
same length and of equal flow resistance. It 
is to be noted that in this arrangement any 
5 extraneous material such as dirt and the 
like which tends to seal the surface of the 
catalyst bed 11 to the entrance of the react- 
ant material will be distributed over the 
whole of said outer surfaces of the catalyst 
10 bed 11 and will therefore have only a minor 
effect at best. It is also to be noted that the 
resistance of the flow paths. increases propor- 
tionately as the slotted holes 41 in the cylin- 
drical member 35 are approached, so that 
15 adjacent said member 35, an area of in- 
creased pressure drop is produced so that 
flow through the various sections of the cata- 
lyst is automatically adjusted. 
Having provided a description of the pres- 
20 ent invention, reference will now be had to a 
specific example in order to obtain a fuller 
understanding thereof. 

In reforming naphtha in the presence of 
hydrogen in accordance with the novel 
25 method and in the novel apparatus of the 
invention, a naphtha of a . gravity of about 
52" A.P.T. and an octane rating of 30 
C.F.R.R. clear and having an I.B.P. of 
185°R and an E.R of 390°F. (A.S.T.M. 
30 distillation), together with the .necessary 
hydrogen, is heated in conventional appa- 
ratus to a temperature of about 900 T. and 
at a pressure of about 500 p.s.i.g. The hydro- 
gen is supplied at the rate of about 5000 
35S.C.F.B. The heated reactant stream is 
passed to the inlet nozzle 23 as required 
to provide a weight space velocity of about 
4.0 Wo/hr./Wc. 

The catalyst [bed 11 is composed of a 
40 platinum catalyst which includes about 0.5% 
of platinum, based on the total weight of 
catalyst, supported on alumina to which has 
been added about 2% by weight of silica to 
stabilize the alumina at elevated tempera- 
45 tures. The catalyst is in the form of short, 
approximately cylindrical pieces of a di- 
ameter of about 1/16 inch and of a length 
ranging from about 1/8 inch to about J inch. 
The reactant material flows to all portions 
50 of the spaces surrounding the catalist bed 11 
and distributes itself at the same pressure 
over the whole external surface of the cata- 
lyst bed 11, the top and bottom surface as 
well as the outer cylindrical peripheral sur- 
55 face. The reactant material flows from all 
points of the external surface of the catalyst 
bed 11 to the slotted holes 41 of the cylin- 
drical member 35. All portions of the react- 
ant material receives substantially identical 
60 treatment in the catalyst bed 11 as they travel 
along paths of substantially the same length 
under substantially the same temperature 
and pressure conditions, conversely substan- 
tially the whole of the mass of catalyst in the 
65 catalyst bed 11 is in contact with the react- 



ant materials and no substantial portion - 
thereof is bypassed. It is to be particu- 1 
larly noted that if due to packing, loss,, etc.,.: 
the volume of the. catalyst of the bed. 11 
decreases and the level of the bed 11 drops, 70 . 
the inert material 47 moves down the catalyst . 
and uninterruptedly continues its catalyst - 
covering and reactant flow distributing func- . 
tions so that neither catalyst bypassing nor 
flow channeling can take place. The reaction 75 
product stream leaves the reactor 10 through 
the outlet connection 31 and is passed to 
apparatus, not shown, where it may be fur- 
ther treated for product recovery in the usual 
manner. The loss in pressure due to flow of 80 - 
the reactant material through the catalyst 
bed is about 10 p.si. 

When gaseous reactant material is referred : 
to in the above description and in the fol- 
lowing claims, this term is intended to cover 85 1. 
material in the gas phase and/ or material in 
the vapor phase. 

What we claim is: — 

1. A process of - passing a gaseous react- 
ant through a bed of subdivided solid cata- 90 - 
lytic material, such as the catalytic convert- 
ing or reforming of hydrocarbons, which 
comprises establishing in a reaction zone a : . 
bed of said material having an external peri- ' 
pheral surf ace of circular cross section and 95 - 
so disposed in said zone that all portions of 

the external peripheral surface of circular 
cross-section are exposed to the entrance of 
reactant material, flowing gaseous reactant 
material into said reaction zone arid distri- 100 
buting said material over substantially the 
whole of said external peripheral surface of- 
said bed at substantially the 'same pressure- . 
providing an outlet zone in the centre of said 
bed, said outlet zone located and of a size 105 
that the flow paths of the reactant "material- ; 
thereinto from all portions of said "external - 
peripheral surface of said bed are of substan- 
tially equal length, flowing the reactant 
material through said flow paths to said out- 110 
let zone, and removing the reactant material 
and products from said outlet zone. 

2. A process according to Claim. 1, in 
which said solid catalytic material comprises ./ 
a catalyst, such as atydrogenarmg-dehyaro-,115 
genating catalyst, and said gaseous reactant 
material comprises a hydrocarbon. 

3. A process according to Oaim 2, in : 
which said gaseous reactant material com- 
prises hydrogen and light hydrocarbon oils. 120 

4. A ''process according to Claim 3, in 
which said catalyst comprises platinum and 
the reactant material is flowed into said re- 
action zone at a temperature ranging from 
700°F. to 1075 °F. and a pressure ranging 125 
from 25 p.s.i.g. to 1000 p.si.g. 

5. A process according to Claim 3 or 4* 
which includes establishing a depth of sub- 
divided inert material at the top end of said- 
reaction zone covering the top external sur- 130 
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face of said catalyst bed, said depth of inert 
material being of sufficiently large particle 
size to offer low resistance to the flow of tjie 
gaseous reactant therethrough. 
5 6. A reactor vessel comprising a normally 
vertically disposed shell having a refractory 
insulating lining covering the internal surface 
thereof and defining a reaction zone, inlet 
means in the upper end of said vessel for 

10 flowing gaseous reactant material into said 
reaction zone, a permeable, cylindrical bas- 
ket structure so positioned in said zone that 
all portions of its external peripheral surface 
are exposed to gaseous reactant material en- 

IStering said inlet means, permeable outlet 
means positioned centrally in said basket 
structure, said outlet zone located and of 
such a size that the i?ow paths of the gaseous 
material thereinto from all portions of the 

20 external peripheral surface of said basket 
structure are of substantially equal length. 

7. A vessel according to Claim'6, in which 
said basket structure is open-ended and is 
positioned with i*s op^n end cn the bottom 

25 end of the bottom region of said lining 
means spacing said cylindrical basket struc- 
ture from said lining to provide low resist- 
ance paths for flow of the reactant material 
from said inlet means to all portions of the 

30 external cylindrical surfaces of said basket 
structure. 

8. A vessel according to Claim 7, in which 
said basket structure is formed by a plurality 
of vertical sections removably united along 

35 their contiguous edges, said sections having 
perforations therein distributed substantially 
uniform over their entire surface, said sec- 
tions carrying said spacing means. 

9. A vessel according to Claim 8, in which 
40 the perforations in said basket sections are 

covered with foraminous material to prevent 
passage of subdivided material therethrough. 

10. A vessel according to any one of 
Claims 7 to 9, which comprises means posi- 



tioned on said bottom region of said lining 45 
and opening into *t)he space between said 
basket structure and said lining providing 
flow paths of low resistance for the reactant 
material to said bottom region of said insu- 
lating liner. 50 

11. A vessel according to Claim 10, in 
which said means positioned on said bottom 
region comprises radially disposed angle 
members positioned on said bottom region 
and extending through said basket structure. 55 

12. A vessel according to Claim 11, in 
which said radially disposed angle members 
are oriented with their open gases facing 
said bottom region and said bases are cov- 
ered with foraminous material to thereby 60 
form said angles into conduits for passage of 
reactant material therethrough and substan- 
tially uniform distribution Thereof on said 
bottom region of said lining. 

13. A vessel according to any one of 65 
Claims 6 to 12, in which said centrally posi- 
tioned permeable outlet means is a perfor- 
ated cylindrical member whose perforations 
are uniformly distributed. 

14. A vessel according to Claim 13, in 70 
which said perforated cylindrical member is 
covered by foraminous material to prevent 
passage of subdivided solid material there- 
through. 

15. A vessel according to any one of 75 
Claims 6 to 14, which includes reacted 
material outlet means in the lower end of 
said vessel. 

16. A process substantially as herein 
described. 80 

17. A vessel substantially as herein des- 
cribed with reference to the accompanying 
drawings. 

STEVENS, LANGNER, PARRY & 
ROLLINSON, 
Chartered Patent Agents, 
Agents for the Applicants, 



d 1 ??^ t f f* r He / Majesty's Stationery Office by Wickes & Andrews, Ltd., E.C.4. 684/2.— 1958. 
Published at the Patent Office, 25, Southampton Buildings, London, W.C.2, from which copies 

may be obtained. 



794,915 COMPLETE SPECIFICATION 
2 SHEETS Jin,. </ rmvin g /s Q reproduction of 
the Original on a reduced scale. 
SHEETS I & 2 




FIG. 4 FIG, 5 




